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ittal and frontal plane moments.
Methods: 266 men and women aged 40 to 64 years old (79 no knee OA
(CON), 136 moderate medial compartment knee OA (MOD) and 51
severe medial compartment knee OA (SEV)) completed two maximum
isometric plantar ﬂexor, knee extensor and ﬂexor strength tests on a
Cybex dynamometer. Maximum torque over a 0.5 second window was
calculated and reported in Nm and normalized to body mass (Nm/Kg).
3D lower limb motion and ground reaction forces were recorded while
participants walked at self-selected speed along a 6-meter walkway.
Knee moments calculated from inverse dynamics were amplitude-
normalized to body mass (Nm/Kg). Peak knee adduction (KAM) and
ﬂexion (KFM) moments were calculated as well as shape and magni-
tude features for both moment waveforms using Principal Component
Analysis. Each participant’s waveforms were scored for each principal
component (PC). Two factor (group, sex) ANOVAs tested for main effects
and interactions inmuscle strength and gait features (a¼ 0.05). Pearson
correlations were calculated between each muscle strength measure
and each gait feature.
Results: Mean age was similar between groups (53-57 yrs), the CON
group had lower body mass index (26 Kg/m2) than OA groups (Mod ¼
31 and SEV ¼ 34Kg/m2) and MOD OA group had a lower total WOMAC
score than SEV (30 vs 36). There were group and sex main effects
(p<0.05) for knee ﬂexor and plantar ﬂexor strength; men were higher
than women and all three groups differed for normalized values (SEV-
<MOD<CON) but only SEV was lower for non-normalized values. There
were interactions (p<0.05) for knee extensor strength with no differ-
ences among groups for men, and regardless of group men were higher
than women in both OA groups. CON women were higher than SEV
women for non-normalized only. There was an interaction (p<0.05) for
the KAM feature that captured loading above bodymass throughout the
gait cycle (KAM PC1) with no difference among CON and MOD groups
for both sexes, but SEV women had the highest score. Group and sex
main effects were signiﬁcant for all other features except peak KFM
where only group was different (CON > OA groups). Most correlations
between strength and gait features were less than 0.03. The highest
correlations were between normalized knee extensor strength and i)
the KAM feature that captured the difference between ﬁrst peak and
amplitude in late stance (PC2,r¼ 0.45), ii) overall magnitude of the KFM
(PC1,r ¼ -0.42) and iii) the difference between knee ﬂexion and knee
extension moment during early to late stance (PC2,r ¼ 0.41). Normal-
ized knee ﬂexor strength was correlated with KFM PC1 (r ¼ 0.38) and
PC2 (r ¼ 0.36).
Conclusion: Systematic decreases in knee ﬂexor and plantar ﬂexor
strength with severity were found for both sexes, but knee extensors
had a differential decrease for OA women compared to men. Knee
moment features also had similar changes with severity for both sexes
except overall KAM magnitude was highest for both OA men groups.
Higher knee extensor and ﬂexor strength was related to a greater dif-
ference between early and late stance peaks in both KAM and KFM,
supporting an improved ability to unload the joint. Lower strength was
linked to more sustained KFM throughout stance. Since unloading the
joint has been associated with reduced risk of cartilage and symptom
progression, these results provide evidence of a mechanistic value for
knee muscle strength.
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EFFECT OF KNEE REPLACEMENT ON KNEE KINEMATICS AND
MOMENTS DURING GAIT: A SYSTEMATIC REVIEW
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Purpose: Knee arthroplasty (KA) procedures are recognised as an
effective treatment of knee joint osteoarthritis (OA). Gait abnormalities
are associated with knee OA, and often increase as disease severity and
knee pain worsen over time. Given that a major aim of KA is to
mechanically correct knee malalignment and optimise joint loading, it
is imperative that the effects of arthroplasty on frontal plane gait bio-
mechanics are evaluated. The primary aim of this systematic reviewwas
to evaluate effects of KA on frontal plane kinematic and kinetic
parameters of stance phase during gait. Secondary aims were toevaluate the effects of arthroplasty on sagittal plane parameters, and to
compare frontal and sagittal plane post-operative gait parameters to
those of a healthy reference group.
Methods: Electronic databases MEDLINE (PubMed), CINAHL and
SPORTdiscus (EBSCO), and Cochrane Library (Wiley) were searched
using a reproducible search strategy up until 26/09/13. Biomechanical
studies describing 3-dimensional gait analysis of patients pre- and post-
operatively following a KA were included. All study designs were eli-
gible provided that 3-dimensional motion analysis during unaided,
level walking was used to evaluate gait. Methodological quality was
assessed by two raters using the Downs and Black checklist.
Results: This review included 17 studies with an average patient age of
66.9 years, and follow-up times between 2 and 24 months following
surgery. Nine of the 17 studies included a healthy, asymptomatic control
group. Themajority of evidence in the frontal plane identiﬁed decreases
in the maximum knee adduction angle and external knee adduction
moment, but both an increase and a decrease in the knee adduction
moment impulse from pre-operative values. In the sagittal plane, both
increased and unchanged values for the maximum knee ﬂexion
moment and both decreased and unchanged values for knee ﬂexion at
initial contact were identiﬁed. In terms of quality, while most studies
performed well regarding reporting, all studies were at risk of selection
bias and most were at risk of attrition bias as there was insufﬁcient
information about participant recruitment, representativeness, and loss
to follow-up.
Conclusions: Frontal plane knee adduction angle and external knee
adduction moment results were consistent, but discrepancies were
observed with regards to the knee adduction moment impulse. Con-
ﬂicting sagittal plane gait biomechanics results between studies makes
it difﬁcult to discern which sagittal plane gait variables are impaired
before surgery and those that return to normal after surgery. This could
be a result of differences within the arthroplasty populations and future
studies should investigate and compare gait patterns between normal
weight, overweight, and obese patients following arthroplasty given the
prevalence of obesity amongst those undergoing arthroplasty, and
concerns regarding its effect on outcomes. Future studies should eval-
uate the effect of arthroplasty on peak varus angle and peak varus
angular velocity in order to evaluate potential long-term relationships
with knee alignment, joint loading, and prosthesis failure.
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DOES A HIGHER EXTERNAL KNEE FLEXION MOMENT AND
QUADRICEPS WEAKNESS PREDICT PATELLAR CARTILAGE LOSS
OVER 2 YEARS FOLLOWING MEDIAL ARTHROSCOPIC PARTIAL
MENISCECTOMY?
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Aim: People following medial meniscectomy are 2.6 times more likely
to develop patellofemoral osteoarthritis as compared to healthy con-
trols. However, factors that contribute to this increased risk of patel-
lofemoral osteoarthritis remain largely unknown. Altered knee joint
extension moments during walking, indicative of patellofemoral load-
ing, as well as quadriceps weakness have been observed following
medial arthroscopic partial meniscectomy (APM) and may play a role in
the pathogenesis of patellofemoral osteoarthritis in this population. The
aim of this 2 year longitudinal study was to evaluate the hypothesis that
in people following a recent medial APM, a greater external knee ﬂexion
moment and weaker knee quadriceps strength would be associated
with a greater loss of patellar cartilage volume and greater deterioration
of patellar cartilage defects as measured on MRI.
Methods: 70 people with a medial APM (87% males; 41.4 5.:5yrs; 27.2
 4.1 kg/m2) were assessed 3-months following APM (baseline) and
reassessed 2 years later (follow-up). Baseline variables included the
external peak knee ﬂexion moment (KFM) during walking and iso-
kinetic eccentric and concentric quadriceps strength (60o/sec). MRI was
used to assess patellar structural indices including cartilage volume and
cartilage defects at baseline and 2-years later. Patellar cartilage volume
was assessed to the nearest :1mm3 using previously validatedmethods.
The percentage annual rate of cartilage volume change was determined
as: [((follow-up cartilage volume – baseline cartilage volume)/baseline
cartilage volume)/time between two scans in years) x 100], i.e. negative
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were assessed using a previously reported classiﬁcation system from
grade 0 to grade 4, with deterioration deﬁned as a 1 increase in defect
score from baseline to follow-up. To examine the relationships between
the independent variables (peak KFM and quadriceps strength) and
change in patellar cartilage volume and cartilage defect deterioration
multiple linear and logistic regressions were used respectively.
Results: There was a signiﬁcant reduction in patella cartilage volume
over two years (2.8%; p<0.001). Deterioration in patella cartilage
defects was only observed in 5 participants (7%) and subsequently
regression was not performed due to the small sample size. Adjusted
linear regression analysis demonstrated that a higher peak KFM was
associated with greater loss of patellar cartilage volume over 2 years
(Table 1). No other relationships were observed between the remaining
independent variables and cartilage loss.
Conclusion: The two main ﬁndings of this study were 1) patellar car-
tilage volume reduced signiﬁcantly over 2 years in people following a
recent medial APM and 2) a higher peak KFM, which is an indicator of
sagittal knee joint load, signiﬁcantly predicted patellar cartilage volume
loss when adjusted for confounding factors. Although the patellar car-
tilage volume reduced signiﬁcantly when including the scope for
change covariate (normalised cartilage volume), the rate of annual loss
in our cohort (1.4%) is slightly less than previous reports found in
healthy controls (1.6-2.8%). The fact that inclusion of the baseline car-
tilage volume in the model (‘scope for change’) rendered it non-sig-
niﬁcant suggests that the amount of baseline cartilage volume is
important to consider when determine rate of subsequent cartilage loss.
Therefore the potential clinical implications of the loss in patellar car-
tilage volume remain somewhat speculative and future studies should
consider a longer follow-up time in APM patients. Nonetheless, people
following medial APM are at increased risk to develop patellofemoral
osteoarthritis and the observation that a higher peak KFM is associated
with patellar cartilage volume loss warrants further consideration. Our
ﬁndings are the ﬁrst to describe early patellar cartilage loss following
APM, and potentially provide target for intervention studies aiming to
reduce onset or progression of patellofemoral osteoarthritis, in this at
risk population.Table 1
Relationships for annual percentage change in patellar cartilage volume
Simple linear regression Multiple linear regression1 Multiple linear regression2
Annual % change in patellar cartilage volume Regression coefﬁcient (95%CI) p Value Regression coefﬁcient (95%CI) p Value Regression coefﬁcient (95%CI) p Value
Peak knee ﬂexion moment (Nm/(BWHT)%) -0.12 (-0.35 to 0.11) 0.306 -0.24 (-0.47 to -0.01) 0.043 -0.22 (-0.45 to 0.01) 0.055
Concentric quadriceps strength (Nm/kg) 0.21 (-0.49 to 0.90) 0.557 -0.28 (-1.02 to 0.46) 0.447 -0.28 (-1.02 to 0.46) 0.447
Eccentric quadriceps strength (Nm/kg) 0.14 (-0.34 to 0.62) 0.572 -0.11 (-0.59 to 0.38) 0.664 -0.11 (-0.59 to 0.38) 0.664
Multiple linear regression analysis1 adjusted for age, gender, BMI, MRI scanner.
Multiple linear regression analysis2 adjusted for age, gender, BMI, MRI scanner, baseline patellar cartilage volume (mm3) divided by patellar bone volume (mm3).
BW ¼ body weight and HT ¼ height.164
ZONE-DEPENDENT DIFFUSION OF CONTRAST AGENT MOLECULES IN
HEALTHY ARTICULAR CARTILAGE
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Purpose of the study: The current study aims to determine the per-
meability properties of cartilage dependent on its layered structure
with superﬁcial, middle and deep zones. The permeation of contrast
agent ions depends on GAG and collagen concentration as well as the
orientation of collagen ﬁbers. Therefore, it is anticipated that diffusion
rate will be different in the cartilage layers with collagen ﬁbers that
change from parallel to perpendicular with respect to the cartilage
surface. The aforementioned hypothesis has been assessed using Hex-
abrix diffusion time laps in a micro-CT in three different physiological
tonicities with osmolalities of 320, 340 and 360 mOsmol/kg.
Materials and methods: Samples: Three equine cylindrical osteo-
chondral plugs of 8 mm diameter and approximately 12 mm height
were extracted from the knee joint of an equine cadaver using a cus-
tom-made drill. The samples were transferred to PBS solution including
protease inhibitors that accorded with normal physiological condition
of body ﬂuids i.e. pH ¼ 7.4 and tonicity of 300 mOsmol/kg. Samples
ﬂoating in PBS were kept at freezing condition (-20 C). Three separate
solutions with tonicities of 320, 340 and 360 mOsmol/kg -measured
with an osmometer (Advanced Model 3320)- were prepared by
injecting sufﬁcient amount of Hexabrix solution in 10 mL PBS solution.Each osteochondral plug was glued vertically and ﬁxed ﬁrmly onto the
surface of petri dish in order to preclude possible moving artifacts
during CT-imaging.
Imaging: Diffusion experiments were carried out in a micro-CT
(Quantum FX, Perkin Elmer, USA) applying 90 kV tube voltage and 200
mA current at a resolution of 20 microns. The images were captured
before immersing the samples into the Hexabrix solution and after 4, 8,
15, 30, 60, 105, 165, 900 and 1440 minutes micro-CT scans were
obtained.
Image processing: Datasets were converted into 512 coronal slices in
TIFF format (using software package “Analyze”) followed by further
imageprocessing using ImageJ -open source- software. In order to create
a Region of Interest (ROI), a binary mask was obtained based on a local
thresholding technique. Three different zones in cartilage were sepa-
rated by dividing the number of slices incorporating the cartilage sur-
face, middle and deep zone, with no presence of bone in the deep zone.
Each imagewas followed in time through its corresponding binarymask.
The average gray value of each image was considered as a measure of
diffusion progress in cartilage within the mentioned time frame. The
gray intensity values were then divided by the area of themask, in order
to compare the results for the different layers in a valid manner.
Results: The ratio of mean gray value over cartilage coronal area was
employed as ameasure of Hexabrix concentrationwithin osteochondral
plugs in each experiment, see Figure with concentration proﬁles versus
time in osteochondral plugs with osmolarities of 320, 340 and 360
mOsmol/kg, respectively. The calculated diffusion rate (the derivative of
lines in Figure) reaches its highest value abruptly after 8 minutes of the
start of diffusion ensued by gradual decrease in rate before the equili-
brium time i.e. 24 hr. The superﬁcial layer had the steepest curve for the
change in Hexabrix concentration and is therefore the zone with fastest
permeation in cartilage. The rationale behind this is likely the lower
GAG concentration close to the surface. Furthermore, taking the ori-
entation of collagen ﬁbers into account, we conclude that by
approaching the deep layers, axial diffusion is higher than radial dif-
fusion, since collagen ﬁbers can severely hinder the radial diffusion in
deep layers.
